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Nanotechnology Program Elements 

Nanoelectronics and Computing 
Sensors 

Structural Materials 
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• Diagnostics, Sensing and Imaging 

Nanotubes, Fullerenes, Nanoparticles, Nano wires, Quantum Dots 
Nanodevices for last Genomics and Proteomics 

• Drug Delivery 

Encapsulating Materials, Nano porous Systems 

• Nano-Surgery/Manipulation 

Molecular Machines, Nano-eontrolled Energy Deposition 

• Novel Materials/Concepts 

Dendnc Neurons (CNT) for sensing and processing 
Nanomaterials with bio-mimetic functionality 

• Technology and Materials for Drug Design 

Nano-Bio interface for dmg design 


Carbon Nanotube 


CNT is a tubular form of carbon with 
diameter as small as 1 nm. 

Length: few nm to microns. 

CNT is configurationally equivalent to a 
two dimensional graphene sheet 
rolled into a tube. 


CNT exhibits extraordinary 
mechanical properties: 

Young’s modulus over 
I Tera Pascal, as stiff as 
diamond, and tensile strength 
- 200 GPa. 

CNT can be metallic or semiconducting, 
depending on chirality. 


Experimental Work: 

1 Meyya Meyyappan (Program Director) 
• Viktor Stoic (Genomics/Nanopore) 
Jonathan Trent (Protein Nanotubes) 

Jie Han (Bio-Sensors) 

Jun Li (Bio-Sensors) 
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Protein Nanotubes 


Hca. shock protein (HSP 60) in organisms living at high temperatures 
( extremophiles”) is of interest in astrobiology 

HSP 60 can be purified from cells as a double-ring 
structure consisting of 16-1 8 subunits. The 
double rings can be induced to seif-assemble 
into nanotubes. 




• Multi-Functional Materials for Biomimetics 

Nanostructured Skin Effect 

Nano porous Materials with Controlled Pores 

• Bio mime tic/Revolutio nary Concepts 

Evolutionary Computing and Sensing 
Self-Healing Materials 

• Drug Design and Target/Drug Interactions 

Puilerene based drugs for HIV, ALS 

• Blo-Moiecutar Machines 


Computer Simulations: Characterization and Discovery of New Material s/Devices! 







Nanostructured skin effect ! 


Computer Simulations Generating new IP ! 














Biological Dendritic Neural Tree 

* One dimensional cable theory + 
Hodgkin- Huxley model for action- potential 
based information flow 

• Information processing is coded in (a) 
branching at the junctions, and (b) time- 
series sequencing of the signal spikes 

* Input - output - control; is based on (a) 
structural details of the branches a nd 
junctions, and (b) via chemical 
environment 

• Short and loag term memory is part of the 

structure; evolutionary in nature I 


Carbon Nanotube: Dendritic Tree 

* Electronic, acoustic, tberrra], and 
chemical signal transmission and 
information processing 

* Information processing can be based on J 
(a) branching + switching at the junctions. ' 
and (b) time senes sequencing of signal- 
spikes 

* Input — output — control ; can be based on 
(a) structural details, (b) cheiracal 
environment, and (c) physical contacts at 
the ends? 

! ' Short and long term memory can be part 
of structure by defect and chemical 
adsorbate placements; design for specific 
pu rpose/foneci onal i ty 



External Collaborators: 


> Prof. K. Cho (Stanford University) 

Prof. Don Brenner (NC State University ) 
Dr. Madhu Menon (University of Kentucky) 
Dr. Antonis Andriotis (Crete, Greece) 

Dr. Uri Sagman (CSixty, USA) 
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